
INFORMATICS
Robert J Kavlock, David J Dix, Keith Houck, Richard Judson, Tom Knudsen, Matt Martin, Ann M Richard and R Woodrow Setzer
National Center for Computational Toxicology, Office of Research

 

and Development, US Environmental Protection Agency, RTP NC, USA,
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Abstract :ToxCast, the United States Environmental Protection Agency’s 
chemical prioritization research program, is developing methods for utilizing 
computational chemistry, bioactivity profiling and toxicogenomic

 

data to predict 
potential for toxicity and prioritize limited testing resources.

 

In the proof-of-

 

concept phase, ToxCast is evaluating chemicals with an existing,

 

rich 
toxicological database in order to provide an interpretive context for the high 
throughput screening (HTS) data.  This set of 320 reference chemicals is largely 
derived from active ingredients in food-use pesticides and represents numerous 
structural classes and phenotypic outcomes, including tumorigens, developmental 
and reproductive toxicants, neurotoxicants and immunotoxicants. The goal of the 
ToxCast program is to develop signatures predictive of in vivo toxicity, based on 
the combined use of physicochemical properties, the traditional independent 
variables in structure activity models, as well as in vitro bioactivity data derived 
from a broad spectrum of over 400 biochemical, cell-based, or gene expression 
assays.  In later phases of ToxCast, the HTS signatures derived for chemicals 
with toxicity data gaps will be compared with those of well-characterized 
chemicals, and significant signature matches will identify priority candidates for 
further testing in traditional animal bioassays.  ToxCast data are being generated 
through a series of external contracts, and by collaborations within EPA and with 
the National Institutes of Health Chemical Genomics Center.  Development of the 
supporting chemo-informatic infrastructure and initial results from the proof-of-

 

concept phase indicate that this approach will succeed.  [This work was reviewed 
by EPA and approved for publication but does not necessarily reflect official 
Agency policy.]
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Affordable science-based system for categorizing chemicals
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Identifies potential mechanisms of action
Refines and reduces animal use for hazard ID and risk assessment

CHEMICALS

Mode-of-Action Classes in 
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MOA Classes with 
> 3 chemicals

Misc MOA classes with
3 or fewer representatives

Acetylcholine esterase inhibitors
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Sodium channel modulators
pyrethroid ester insecticides
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ToxCast Phase I Objective:  
Derive Predictive Signatures for Chemical Prioritization

Sufficient number and diversity of chemicals
Availability of high quality reference in vivo toxicity data 

covering broad range of endpoints
Expectation of broad spectrum biological activity
Properties suitable for HTS
Cost and availability

Requirements for Chemical Selection:

ToxCast_320
Accurate chemical structure-annotation

Careful tracking and indexing by structure

Enables structure-based analysis

HTS ASSAYS

The Home of TFomics TM
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Nine contracts provide chemical procurement; hundreds of 
biochemical, cellular, tissue and genomic assays; model 

organisms; and the capacity to screen up to 10,000 chemicals 

ToxCast Contracts for Generating HTS 
and Genomics Data
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ToxCast Biochemical Assays

• NovaScreen/Caliper 
LifeSciences

• 200+ Assays
• Variety of assay 

technologies:
–Receptor binding
–Enzyme inhibition
–Microfluidic
–Fluorescent
–Radioligand
–Colorimetric 
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STUDY TYPE: Combined chr onic toxicity/oncog enicity fe eding – Rat  
     OPPTS 870.4300 [§83-5] 
DP BARCODE: D257223  SUBM ISSION CODE: S56427 0 
P .C. CODE: 1 11901 T OX. CHEM. NO.: 49 7AB 
            
TEST  MAT ERIAL (PURITY): Ima za lil (p urity 97.4%)  
 
CITATION: Van  Deu n, K.  1 999.  Combined or al chronic toxicity/ca rcin ogenicity st udy with I mazalil in th e SPF Wista r rat.  Dept. Toxicology, Jans
Fou ndation, 2340  Beer se , Belgium.  L aborator y report  number,  3817, June 8, 1999.  MRID 4485800 1. Unpublished. 
 
EXECUTIVE SUMMARY: 
 
In a chr onic toxicity/oncog enicity stud y ( MRID 4 4858001) , Imazalil (97.4%  a.i.) was administered in t he diet to gro ups of 50 ma le a nd 50 fema le H
substrain ( SPF) Wistar-de rived rats at con ce ntrations of 0, 5 0, 200, 120 0, or 2400  ppm (eq uivalen t to 0.0, 2.7, 10.8, 65.8, a nd 134.8 m g/kg/day fo
3.6, 1 4.6, 85.2, an d 168.8 mg/ kg /day for fem ale s)  for two year s.  All rats were o bserved daily for clinical signs of toxicit y a nd morb idity, weighed w
consumption  monitored b iweekly.  B lo od and ur in e samples were collected after  6, 12, and  18 months of  treatmen t and at study end .  Sur viving r
sacrificed after  104 weeks of tre atment.  A ll r ats were necro psie d and the tissues and  organs inspected g rossly a nd microscopically f or toxicity-re
the car cino genic potential of Ima za lil. 
 
Male an d female rat s in t he 1200 ppm  and 2400 p pm group s had slig htly incr eased RBCs and slightly decrea sed  MCVs and M CHs that re ached 
significance at most me asurement  in tervals.  The d iffe rences, however, were  within 6%  of contr ols an d the historical contro l limits for  rats of this a
species.  No significa nt treatm ent-relate d effects of biological relevance wer e found for  most clin ical chem istr y paramete rs.  Howe ve r, plasma trig
activities of ALKP, AST, and ALT o f male rats in the 2400 ppm g roup and f emale rats in the  1200 and 2 400 ppm gr oups were oft en statistically de
rem ained with in  histo rical co ntrol limits.  The eff ects wer e considered r elated to ma lnu trition.  
 
The  effect of tre atment on th e liver  (males and f emales) and th yr oid (males on ly) wer e confirmed m icr oscopica lly, but had distinct sex-related etio
incidence of clear  ce ll an d basophilic foci was equ ivocal while eosinophilic foci we re significantly in cr eased for  male rats in the 2 400 ppm gr oup.  
the 24 00 ppm gr oup, the incidences of clear  cell a nd basophilic foci we re significa ntly decreased bu t the incidence of eosinop hilic foci was unaffe
incidence of hep atocyte fatty vacuolation was increased only in m ale rats of the  1200 ppm and 2400 pp m group s while the incidence o f pigmenta
increased only in f emales of the 20 0, 1200, and  2400 ppm groups.  In a ddition, the location of h epatocellular hypert rophy was distinctly d iff erent.  
the 12 00 and 240 0 ppm gro ups had significant increases in centr ia cina r and per ia cina r hypertr ophy while male rats only had  ce ntriacinar hyper tro
the incidence o f thyroid follicular cell hyperplasia was increased on ly in m ale  rats of the 1200 and 24 00 ppm gr oups.  
 
Th e lowest  obse rved adver se eff ect level (LOAEL ) for  mal e and f emale rats wa s 1200 pp m (6 5.8 and  85.2 mg /kg/d ay, re spectiv ely) with  
cor re spon ding  no o bser ved ad verse effect  level (NOAEL ) of 200 pp m (10. 8 mg/k g/day m ales, 14. 6 mg/k g/day f emales ).  Th ese ar e based
fo und  on b ody wei ght, we ight gain, a nd th e macr o- and m icro scopic  effect s no ted in  the li ver o f all r ats an d the  thyr oid o f ma le rat s. 
 
Male r ats had a significant increase in t he incid ence of hepato cellular  adenomas an d thyroid follicular neoplasia while no increa se  was fo und for f
The se  results indicate a differe nce in the disposition of Ima zalil between th e sexes increases hepatic and  thyroid neoplasia in ma le rats, like ly th r
in metab olic activation of  the test mater ial. 
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DATA ANALYSIS

ToxCast Phase I Data Matrix
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1 1 1 1 1 0 1 0 0 1 0 0
1 1 1 1 1 0 0 1 1 0 0 0
1 1 1 0 1 0 0 0 1 1 1 0
1 1 0 0 0 0 0 0 0 1 0 0
1 1 1 0 1 1 0 1 1 NA 1 1
1 1 1 1 1 0 1 1 1 NA 1 0
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 0 0 0 0 0 NA 0 0
1 0 1 1 0 1 1 0 1 1 0 0
1 1 1 1 1 1 1 1 1 NA 1 1
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Totals 16 14 13 11 10 9 8 8 8 8 7 6
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